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We discuss the prospects for the discovery of neutral Higgs bosons (φ0 = H0, h0, A0) in multi-Higgs doublet
models via their decays into leptons at hadron colliders. A major focus will be searching for Higgs bosons
produced with bottom quarks via Higgs decays into muon pairs (pp → bb¯φ0 → bb¯µµ¯ + X) at the CERN Large
Hadron Collider within the framework of the minimal supersymmetric model.
1. Introduction. In this article we discuss the
prospects of discovering neutral Higgs bosons via
their decays into lepton pairs of the same fla-
vor as well as final states with lepton flavor vi-
olation. In particular, we present a summary
of our results for the minimal supersymmetric
Higgs bosons produced with bottom quarks via
Higgs decays into muon pairs at the CERN Large
Hadron Collider (LHC) [1].
In a two Higgs doublet model such as the mini-
mal supersymmetric model (MSSM) with Yukawa
interactions of Model II, there are two Higgs dou-
blets φ1 and φ2 coupling to the t3 = −1/2 and
t3 = +1/2 fermions, respectively. After spon-
taneous symmetry breaking, there remain five
Higgs bosons: two charged Higgs bosons H±,
two neutral CP-even scalars H0 (heavier) and h0
(lighter), and a neutral CP-odd pseudoscalar A0.
The couplings of φ0bb¯ and φℓℓ¯ (φ0 = H0, h0, A0)
are enhanced by factors of 1/ cosβ.
For large tanβ ≡ v2/v1, the τ τ¯ decay mode
[2,3] is a promising discovery channel for the A0
and the H0 at the CERN LHC. It has also been
suggested that Higgs bosons might be observable
via their bb¯ decays [4] in a large region of the
(mA, tanβ) plane. However, simulations for the
ATLAS detector concluded that detection of the
bb¯ channel would be difficult [3,5].
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The LHC discovery potential of the muon pair
channel for MSSM Higgs bosons was demon-
strated by Kao and Stepanov [6,7], and was later
confirmed by the ATLAS collaboration [2,3]. In
the minimal supergravity model, the significance
of pp → φ0 → µµ¯ + X is greatly improved at
large tanβ [8] because mA and mH become small
from the evolution of the renormalization group
equations with large bb¯φ0 couplings. However, it
is very challenging to search for Higgs decays into
muon pairs in the Standard Model (SM) [9].
Furthermore, Higgs decays might lead to fi-
nal states with lepton flavor violation [10]. In
the MSSM, radiative corrections via gaugino-
sfermion loops can lead to lepton flavor violat-
ing Higgs decays with a branching ratio approx-
imately B(φ0 → τµ) ∼ 4 × 10−4 which would
be a 3σ signal at the LHC. In an E6−inspired
multi-Higgs model with an abelian flavor sym-
metry, lepton flavor violating effects also arise in
Higgs decays (φ0 → τµ) that might be observable
at the Tevatron and the LHC [10].
In this article, we focus on the prospects
of discovering the MSSM Higgs bosons (φ0 =
H0, h0, A0) produced with bottom quarks3 via
Higgs decays into muon pairs (pp → bb¯φ0 →
bb¯µµ¯+X) at the LHC. The Higgs signal and the
SM background are evaluated with realistic cuts.
3 Recently, it was suggested that the production of a Higgs
boson associated with a bottom quark (gb− > φ0b) might
allow for the suppression of backgrounds [11].
22. Higgs Decays into Muons. We calculate
the cross section at the LHC for pp → bb¯φ0 +X
(φ0 = H0, h0, A0) from two subprocesses gg →
bb¯φ0 and qq¯ → bb¯φ0. It turns out that the
contribution from quark-antiquark annihilation
(qq¯ → bb¯φ0) is negligible.
It is a good approximation to evaluate the next
to the leading order (NLO) cross section of pp→
φ0bb¯+X with the leading order (LO) contribution
multiplied by a K factor4 of 0.8 [12] and using the
pole massMb = 4.7 GeV. The results of Ref. [13]
are applied to compute the NLO rates for pp →
φ0. We take a K factor of 1.5 for the contribution
from gg → H0, h0 for tanβ < 6 and a K factor of
1.3 for tanβ ≥ 6. The contribution from gg → A0
is calculated with the LO contribution multiplied
by a K factor of 1.7 for tanβ < 6 and a K factor
of 1.3 for tanβ ≥ 6.
The cross section for pp → bb¯φ0 → bb¯µµ¯ + X
is evaluated with the Higgs production cross sec-
tion σ(pp→ bb¯φ0+X) multiplied by the branch-
ing fraction of the Higgs decay into muon pairs
B(φ0 → µµ¯). When the bb¯mode dominates Higgs
decays, the branching fraction for A0 → µµ¯ is ap-
proximately 3× 10−4 for mA = 100 GeV.
3. The Discovery Potential at the LHC.
The dominant physics backgrounds to the fi-
nal state of bb¯µµ¯ come from gg → bb¯µµ¯ and
qq¯ → bb¯µµ¯ as well as gg → bb¯W+W− and qq¯ →
bb¯W+W− followed by the decays ofW± → µ±νµ.
We have applied the same acceptance cuts and ef-
ficiencies of b-tagging and mistagging as those of
the ATLAS collaboration [3].
We show the invariant mass distribution of
muon pairs in Fig. 1 for pp → bb¯A0 + X →
bb¯µµ¯ + X with tanβ = 10 and 50, the SM pro-
cesses of pp→ bb¯µµ¯+X , and contributions from
pp → bb¯W+W− +X . Also shown are the muon
pair invariant mass distributions for the inclu-
sive final state of pp → A0 → µµ¯ + X and its
dominant background from the Drell-Yan pro-
cess pp → Z, γ → µµ¯ + X . There are several
interesting aspects to note from this figure: (a)
including two b quarks in the final state greatly
improves the signal to background ratio with re-
4 The K factor is defined as K = σNLO/σLO, where σLO
is evaluated with LO parton distribution functions and
1-loop evolution of the strong coupling (αs) and σNLO
is evaluated with NLO parton distribution functions and
2-loop evolution of αs.
alistic efficiencies of b tagging and jet mistagging
at the ATLAS and the CMS detectors, (b) the
SM subprocess of gg → bb¯µµ¯ and qq¯ → bb¯µµ¯
make the major contribution to the physics back-
ground for Mµµ¯<∼ 100 GeV, but gg → bb¯W+W−
and qq¯ → bb¯W+W− become the dominant back-
ground for higher muon pair invariant mass.
Figure 1. The invariant mass distribution for
pp→ bb¯A0+X → bb¯µµ¯+X at √s = 14 TeV with
Mµµ = mA. Also shown are the SM backgrounds
from pp→ bb¯µµ¯+X (dashed), jjµµ¯+X (dotted),
and bb¯W+W− + X (dot-dashed). The panel on
the right shows the invariant mass distribution
for the inclusive final state pp → A0 → µµ¯ + X
and the Drell-Yan background (dashed).
To study the discovery potential of pp →
bb¯φ0 + X → bb¯µµ¯ + X at the LHC, we calcu-
late the background from the SM processes of
pp→ bb¯µµ¯+X in the mass window ofmφ±∆Mµµ¯
where ∆Mµµ¯ ≡ 1.64[(Γφ/2.36)2 + σ2m]1/2 [3], Γφ
is the total width of the Higgs boson, and σm is
the muon mass resolution. We take σm to be 2%
of the Higgs boson mass [3]. The CMS mass res-
olution will be better than 2% of mφ for mφ<∼
500 GeV [6,7].
The 5σ discovery contours for the MSSM Higgs
bosons at
√
s = 14 TeV for an integrated lumi-
nosity of L = 30 fb−1 and L = 300 fb−1 are
3shown in Fig. 2. We have chosenMSUSY = mq˜ =
mg˜ = mℓ˜ = µ = 1 TeV.
Figure 2. The 5σ contours at the LHC for an
integrated luminosity (L) of 30 fb−1 and 300 fb−1
in the mA versus tanβ plane. The signal includes
φ0 = A0 and h0 for mA < 125 GeV, but φ
0 = A0
and H0 for mA ≥ 125 GeV. The discovery region
is above the 5σ contour.
We have presented results for MSUSY = 1
TeV. If MSUSY is smaller, the discovery region
of A0, H0 → µµ¯ will be slightly reduced for
mA>∼ 250 GeV, because the the Higgs bosons can
decay into SUSY particles and the branching frac-
tion of φ0 → µµ¯ is suppressed [6,8].
4. Conclusions. The muon pair decay mode is
a promising channel to discover the MSSM Higgs
bosons at the LHC. The associated final state of
bb¯φ0 → bb¯µµ¯ could discover the A0 and the H0 at
the LHC with an integrated luminosity of 30 fb−1
if mA<∼ 300 GeV. At a higher luminosity of 300
fb−1, the discovery region in mA is not expanded
much, because the harder pT cut on b quarks re-
duces the Higgs production cross section.
The inclusive final state of φ0 → µµ¯ could al-
low the discovery of the A0 and the H0 at the
LHC with an integrated luminosity of 30 fb−1
if mA<∼ 450 GeV. At a higher luminosity of 300
fb−1, the discovery region in mA is significantly
extended to mA<∼ 650 GeV for tanβ = 50.
The discovery of both φ0 → τ τ¯ and φ0 → µµ¯
will allow us to understand the Higgs Yukawa cou-
plings with the leptons. The discovery of the as-
sociated final state of bb¯φ0 → bb¯µµ¯ will provide
information about the Yukawa couplings of bb¯φ0
and an opportunity to measure tanβ. Although
the discovery region of the µµ¯ mode is smaller
than the τ τ¯ channel, the µµ¯ channel allows a pre-
cise reconstruction of the Higgs boson masses.
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